contamination with heavy metals can cause massive economic losses for both agricultural activities and anthropogenic resources (affected by chronic and acute diseases).
Heavy metals-contaminated soils can be remediated using one of the most frequent technologies, such as phytoremediation (Cunningham & Ow, 1996 and Chaney et al., 1997) . For example, plant roots uptake heavy metals from the soil and accumulate them to leaves, stems, spikes and grains tissues (i.e., phytoextraction or phytoaccumulation). Plants used in phytoremediation should have the following characteristics: (1) Heavy-metals tolerant, (2) High metal-accumulating ability in the vegetative parts and (3) Possess abundant root systems (Scragg, 2006 and Jadia & Fulekar, 2008) . Both diminishing the sources of contamination and improving the remediation of the affected soils are needed to reduce heavy metals contamination (Zhou et al., 2004) . Phytoremediation methods, including phytostabilization, phytovolatilization and phytoextraction use plants to reduce contaminants in soils by adsorbing, accumulating, transferring, and storing them in the aboveground plant parts preventing them from contaminating both ground water and food chain (Watanabe, 1997; Bizily et al., 1999; Zhenguo & Manhuai 2000 and Wang et al., 2009) .
Hyperaccumulators are plants that possess the ability to accumulate heavy metals 100 times more than typically measured in shoots of the common non-accumulator plants (Wuana & Okieimen, 2011) . In a potted experiment, among 12 species, five species including sunflower, oat, rye grass, tall fescue and green gram showed high tolerance to heavy metals (e.g., Pb, Cd and Cr) which revealed their potential in phytoremediation (Chirakkara & Reddy, 2015) . Both wheat and barley cultivars have been screened for their potential in phytoremediation; however, barley cultivars showed more tolerance to both Cd and Cr than wheat (González et al., 2017) . Barley was used in phytoremediation of organic compounds (Nolt et al., 1987) . In addition, it was significantly efficient in remedial of oilcontaminated soils (Xu & Johnson, 1995) . Barley possesses a higher phytoextraction capability for zinc than Indian mustard (Brassica juncea) (Ebbs & Kochian, 1998) . Among 12 species used in a study by Wierzbicka (1999) , barley was the highest tolerant to lead (Pb). Therefore, it could be an auspicious plant for photomediation. Genetically, a single gene may be responsible for aluminum tolerance in barley (Guoping, 2002) . Both triticale and barley accumulated heavy metals less than toxicity levels for animals in grains comparing to Brassica spp. under contaminated soils; therefore, both crops are considered potential crops for livestock feed as well as photoextraction (Soriano & Fereres, 2003) . Wieczorek et al. (2005) found higher accumulations of lead and cadmium in cereal grains including both wheat and barley, which reveals the potential of these two crops as phytoextraction crops. Wild wheat possesses potential genetic variation of zinc accumulation in grains (Cakmak, 2008) ; however, controlling zinc concentrations in grains below the toxicity level can be accomplished by reducing their remobilization from leaves and accumulation in grains via plant breeding approaches (Zhao & McGrath, 2009) . Barley is known for its tolerance not only to drought, salinity and heat but also to heavy metals including Cr, Zn, Cu, Cd and Pb (Brunetti et al., 2012) .
Furthermore, barley successfully used to remediate contaminated soil with heavy metals including Zn and Pb in botth pot and field experiments (Friesl et al., 2006) .
Barley is tolerant to diverse abiotic stresses and possesses reasonable root system; thus, it needs to be considered as highly efficient plants in phytoremediation. Wild species may be a candidate of being hyperaccumulator; nevertheless, both the bio-concentration (Brooks, 1998 and Cluis, 2004) and translocation factors (Wei & Zhou, 2004a, b) need to be taken into consideration (Sun et al., 2008) .
The objectives of the current study were to: (1) Study the transfer of certain heavy metals to different parts of barley plants, (2) Differentiate between cultivated and wild barley in accumulation of heavy metals, and (3) Grab attention of using barley to remediate contaminated soil.
Materials and Methods

Plant material and growing conditions
A set of 17 genotypes including Egyptian and German cultivars and wild barley accessions were used in the current study (Table 1) . The German cultivars and wild barley accessions were obtained from Prof. Leon (Bonn University, Germany); whereas, the Egyptian cultivars were obtained from Barley Department, Agriculture Research Center (ARC), Egypt. The 17 aforementioned genotypes were grown in pots for two years (2015/2016 and 2016/2017) in two different types of soils (contaminated and uncontaminated with [referred as "control" hereafter] wastewater). The sources of contaminated soil is Arab El Madabegh Village (27 ′ 16° N, 31 ′ 15° W), Assiut, Egypt. This soil was irrigated regularly from a local canal that is contaminated with sewage sludge, industrial effluents, households' activities and agricultural practices. On the other hand, the uncontaminated soil was brought from the Assiut University Agricultural Research Station, Assiut, Egypt.
The contaminated soil was irrigated with wastewater, whereas, the uncontaminated soil was irrigated with tap water. The source of this wastewater is the aforementioned canal. Pots were filled with 4.0 kg soil; and ten seeds from each genotype were sown in a single pot. The characteristics of soil and water used in the current study are presented in Table 2 . Al  6388  600  5468  211  Cr  1508  300  1068  150  Cu  453600  80  125980  40  Fe  365200  1198  6388  49  Ni  6388  50  5108  25  Zn  321800  510  171800 64
Statistical analysis
The experiment was conducted using a randomized complete block design with two replications. Both separate and combined analyses were performed with GLM procedure in SAS v9.0 (The SAS Institute Inc., Cary, NC, USA). Variances were homogeneous according to Bartlett's test (P = 0.05). Furthermore, Pearson correlation coefficients were calculated using CORR Procedure in SAS (2003) v9.0.
Soil and water analyses
Heavy metal elements including Al, Cr, Cu, Fe, Ni and Zn were extracted by 1M NH 4 HCO 3 in 0.005 M DTPA adjusted to a pH of 7.6 as per Soltanpour (1991) .
Plant analysis
Plant analysis were performed as per Soltanpour (1991) . At maturity, grains were separated from the straw and then both parts were dried at 60°C for 24 h. Then both grains and straw were ground and a set of six heavy metal elements were measured using constant weight of samples and digesting them in nitric acid and hydrogen peroxide in Microwave Digestion Labstation closed system, Ethos Pro, Milestone, Italy. Then, distilled water was added to raise the digested sample to a known volume. The concentration of elements in the sample was determined by Inductively Coupled Argon Plasma, ICAP 6500 Duo, Thermo Scientific, England. In addition, 1000 mg/L multi-element certified standard solution,
Results
In grains, the averages accumulation of heavy metals (mg/L) under uncontaminated condition (Table 3) The abovementioned results revealed that both cultivated and wild genotypes possess the potential to accumulate heavy metals in grains; however, we found that certain genotypes might be used to remediate specific elements of the heavy metals.
For accumulations of heavy metals in leaves (Table 4) , the averages of concentrations (mg/L) under uncontaminated condition were 291. 44, 5.24, 12.22, 605.96, 4.75 and 14.43 for Al, Cr, Cu, Fe, Ni and Zn, respectively. Furthermore, under contaminated soil, the concentrations (mg/L) were 457.24, 16.55, 62.44, 1818.29, 6.38 and 24.64 Table S1 and S2.
Nevertheless, the wild genotypes were not good accumulators of heavy metals in leaves.
This implies that more wild genotypes need to be included in the future screening studies.
Our results showed that the Egyptian cultivated variety, Giza-129 accumulated the highest concentrations of Cr and Cu in both leaves and grains, respectively, under contaminated soil. Moreover, The German variety, Pasadena accumulated the highest concentrations of Zn in grains, in addition to Fe, and Ni in leaves.
There were significant correlations between Cr and Ni, Cu and Ni, and Ni and Zn in leaves under uncontaminated (Table 5 ). In addition, we found very highly significant positive correlation coefficients between Al and Cr and Cu and Zn accumulations in grains under both uncontaminated and contaminated soil ( Table 6 ).
Analysis of variance (Table 7) revealed that genotypes showed highly significant different for all heavy metals in leaves and grains. In addition, genotypes were not significant in the analysis of variance for the second year for Zn. On the other hand, Genotypes exhibited highly significant differences for all heavy metals in either leaves or grains based on the combined analysis of variance over the two years (Table 8) .
Discussion
Based on the results, it can be concluded that our genotypes used in the study differ in their capability to remediate heavy metals from soils; however, none of them was solicited as a good accumulator for all heavy metals in the current study. However, for all heavy metal elements, and based on the highest accumulation of contaminants in different parts of plant, we suggest using a mixture of Heines-Hanns, ICB 180410, Giza-126, Giza-129, Giza-130, Giza-2000, Pasadena and Barke as they accumulated the highest concentrations of the six heavy metals in grains and leaves.
Our results showed significant correlation among some heavy metal elements under contaminated soil. These findings were consistent with results of Stanišić Stojić et al. (2016) who reported significant positive correlations among some heavy metal elements in barley and wheat. Phytoremediation, also known as green remediation, is an effective technique for toxicity reduction of heavy metals in contaminated soils (Wuana & Okieimen, 2011) . Ebbs & Kochian (1998) indicated that among grass plants both oats and barley can be exploited in photoextraction due to their greater leverage as tolerant and accumulator of zinc and copper in shoots. Photoextraction may be advantageous for gradually decreasing the heavy metals from contaminated soils; furthermore, crops used in phytoextraction form a soil cover avoiding contaminated soil from spreading out via wind and water erosion (Soriano & Fereres, 2003 and Bilski et al., 2012) . It is feasible to use species that are tolerant to adverse conditions in phytoremediation to cover contaminated soils under unfavorable environments (Brunetti et al., 2009 ). Contaminated soils with heavy metals could be used for breeding for biofortification (i.e., increasing micronutrients in grains such as Zn, Cu, Se, etc.) in grain cereals; however, it is paramount to control accumulation of these micronutrients lower than toxicity levels by inhibiting their excess translocation to grains (Zhao & McGrath, 2009 ). Barley is a promising candidate as phytoremedial crop because of the strong correlation between its shoots growth and reducing heavy metals in soil (Varun et al., 2011) . It can be exploited in phytoremediation of Cr, Cu and Fe; in addition, it has the ability to hyperaccumulate heavy metals in roots (Masu et al., 2012) .
We suggest using barley as hyperaccumulator; however, using any plant as hyperaccumulator of heavy metals needs to be precedent by evaluating the total content of heavy metals and both bio-accumulation and translocation factors (Sun et al., 2008) . Therefore, further investigations and analyses are needed to support our study in the future.
Some studies were consistent with our results indicating that barley might be a promising phytoremediation crop (Varun et al., 2011; Masu et al., 2012 and González et al., 2017) ; furthermore, certain genotypes of barley might be used in phytoextraction (Masu et al., 2012) ; however, adaptability and stability issues need to be considered in this case. On the other hand, other studies suggested that other plant species might be more appropriate for phytoremediation, e.g. sorghum and Solanum nigrum and other wild plant species (Sun et al., 2008; Brunetti et al., 2009 and Angelova et al., 2011 ).
Our results revealed that different genotypes are good accumulators of heavy metals but none of them can be considered as a good accumulator for all of heavy metals in the current study. This was consistent with the findings of Masu et al. (2012) . Moreover, our genotypes differ in their ability to accumulate heavy metals in different parts of the plant. In this context, we propose to use a mixture of different genotypes of barley to remediate heavy metals from soil. The harvested plants will be contaminated with high levels of heavy metals; therefore, we suggest using them as biofuel rather than as food or feed. Moreover, they can be used as fuel for baking and cooking for the local farmers in rural areas where sites are contaminated with heavy metals. In addition, straw may be exploited in manufacturing papers and low quality wood.
Conclusion
Unsolicited genotypes as accumulators of all heavy metals in one genotype or in one part of the plants implies the idea of using mixture of these genotypes as phytoremediation rather than using a sole genotype or variety. Local farmers in rural areas might use the harvested plants with high levels of heavy metals as fuel and biofuel In conclusion, green remediation might help along with other remedial approaches to reduce toxicity in sites prone to contamination with heavy metals. However, the green remediation approaches in conjunction with the exploiting harvest plants from contaminated soils can be one of the best methods for sustainable agriculture. 
